The mechanical alloying technique was used to prepare barium hexaferrite (BaM) with 3, 5, 10 and 20 wt% cobalt oxide (Co 3 O 4 ). In this work, steel waste flakes were cold-rolling steel mill for several hours to form a fine powder. The steel waste powder was purified by using magnetic separation to isolate the magnetic and non magnetic particles. The method was continued for Curie temperature separation technique to separate the magnetic ions by varied Curie temperature of the magnetic powder. The purified powder was then oxidize at 500 o C at 6 o C/mins to form hematite, Fe 2 O 3 . The steel waste-derived hematite was used as the raw material in preparing BaM ferrites. The BaCO 3 , Fe 2 O 3 and different percentages of Co 3 O 4 (Co) were mixed and milled for several hours by using mechanical alloying. The powder were pelletised in 11 × 1 mm (diameter × height) and the sintered at 1200 o C for 10 hours. The addition of Co 2+/3+ ions to the BaM shows a varying in the magnetic properties of BaM. By increasing the Co doping, the remanence M r was reduced from 17.6 emu/g to 6.2 emu/g. The coercivity H c results varying magnitude from 102 Oe to 1079 Oe. The M r and H c of undoped BaM is obtain at 14.6 emu/g and 860 Oe, respectively. The grain size of BaM also increases with Co doping. The densities of the compounds are decreasing with increasing Co doping with a maximum value of 4.2 g/cm 3 .
Introduction
Barium ferrites are known as permanent magnet and hard magnetic materials, which are based of iron oxide. The permanent magnet for M-type hexagonal barium hexaferrite has its stoichiometric chemical formula BaFe 12 O 19 , often denoted as BaM. possesses relatively high Curie temperature, coercive force and magnetic anisotropy field, as well as its excellent chemical stability and corrosion resistivity [1, 2] . Hexagonal barium ferrite widely used in high density magnetic recording media [3] [4] [5] , microwave devices and electromagnetic shielding fields [6, 7] . Ferrite magnets are widely used although they have less magnetic strength than rare earth magnets. Due to high commercial interest in the suitability of this compound as a material for magnetic recording, much effort has been made to the production of cation substituted BaM to further improve its magnetic attributes. A variety of different cation substitutions are used in BaM. For example, the divalent transition metals such as Ni 2+/3+ [8] and Co 2+/3+ for Fe 2+/3+ are used due to its similarity of electronic configurations and ionic radii [9] . However, the microstructure and the magnetic properties of substituted BaM ferrites are strongly dependent on the synthesis conditions as disproportionate charge distributions generally occur for multivalent cationic doping [9] . There are also concomitant structural implications when doping with Co 2+/3+ ions influencing the magnetodielectric properties of this compound [9] . Thus, cobalt doping in particular has been the subject of many such investigations [10] [11] .
Steel waste or well known as mill scales or steel scrap is waste product from steel factories. In this work, we have purify and synthesize the steel scrap to produce high purity Fe 2 O 3 as main raw material in preparing BaM. Steel scrap are a mixture of silica, calcium oxide, magnesium oxide, and aluminium and iron oxides. Steel waste also consists of iron oxide element, such as wustite (FeO), magnetite (Fe 3 O 4 ), hematite (Fe 2 O 3 ) along with small amount impurities, such as carbon, barite and steel powders, metal shavings, steel punchings, etc [12, 13] . Steel mill factories produce large amount of steel waste product every year. According to the World Steel Association, the steel production has 141 million tonnes in year 2014. In Asia, steel production produced more than 274 million tonnes of steel. The huge production of steel yield huge amount of steel scrap waste.
Many methods of synthesis have been developed to obtain a low production cost of powder particles of barium ferrite. The aim of the this paper is to study the magnetic properties characterization and the microstructure analysis Co 2+/3+ substitution BaM powder obtained by milling and heat treatment derived from steel waste product.
Methodology
The steel waste synthesis and purification of iron oxide to produce high purity Fe 2 O 3 are referring to Azis et. al [13, 14] . The steel waste in the form of steel flakes was dry milling for several hours to obtain fine powder by using conventional steel ball milling technique. The steel waste powder was purified by using separation I: magnetic separation technique (MST), to separate the magnetic and non-magnetic powder (MNM). The magnetic powder was then again purified by using separation II: Curie temperature separation technique (CTST). The iron oxide yield from CTST is annealed in Carbolite furnace at 500 o C for 6 hours. The annealed powder is used as raw material in preparing BaM ferrites.
Ball milling process was carried out by using mechanical alloying vibrating mill type SPEX 8000 Mixer/Mill for 9 hours in air. The weight ratio of balls to milled material was 10:1. The mill generated vibrations of the balls and the material inside the vial. After milling process the powders were annealed in the electric Carbolite furnace at 1200 °C in the air for 6 hours. The magnetic hysteresis loop of obtained powder materials were measured by using a MATS-2010 SD Static Hysteresisgraph. The surface topologies and the microstructure of samples was analyzed using the atomic force microscope (AFM). The diameter sizes of particles were determined by using average grain intercept (AGI) method. The densities of the samples were observed by using Archimedes method Densimeter MD3003.
Results and discussion
The hysteresis loops and the AFM (2-D, 3-D) images are shown in Figure 1 (a to e) for samples with 0 %, 3 %, 5 %, 10 % and 20 % Co doping concentration, sintered at 1200 o C for 6 hours. The magnetic parameters of remanence M r and the coercivity H c data are summarized in Table 1 . Figure 1 shows the morphology the surface topologies images of BaM samples that observed by the atomic force microscope. The AFM images show the microstructure of samples is irregular shape, size and height. The distributions of grain size are in range of 0.1 to 1.4 µm. The height of the BaM pallet are in range 0.9 to 1.5 µm. Measurements from the B-H tracer shows that the intrinsic coercivity H c , is achieved when a high field, H is applied. The remanence M r magnitude can be extracted from the hysteresis loop at the intersections of the hysterisis loop with the vertical magnetisation axis. Figure 2 shows the overlapping hysterisis loop for all samples. Generally, the trend shows decreasing value of coercivity H c and remanence M r with increasing Co doping, except at 3 % and 20 %. This is attributed to the lesser magnetic moment of cobalt Co 2+ ions (3 µB) as compared to iron Fe 3+ ions (5 µB) and their substitution in 12k and 2a sites of the lattice, in preference to the 4f2 sites [15] . The coercivity value decreases from 860 to 476 Oe with increasing cobalt concentration due to reduction in magnetocrystalline anisotropy. Kresisel et al. [16] reported that with increasing Co-Ti concentration of Ba ferrites, the axial anisotropy is reduced and changed to nearly planar magnetic anisotropy. Teh et al. [17] synthesized Co substituted Ba ferrites via sol-gel method, found that Co doping decreases the value of coercivity significantly. Singhal et.al [15] also reported the coercivity of Ba ferrites decreases with increasing Co substitution. The reported results are agreed with this work. For pure BaM, the coercivity and remanence had a value of 860 Oe and 14.634 emu/g, respectively. With increase doping to 20 % Co, the value reduced to 476 Oe and 12.62 emu/g, respectively. From Table 1 [15] shows the values of magnetic coercivity of Ba ferrites via sol-gel synthesis is 3500 Oe (4% Co) and 1750 Oe (10 % Co) much higher than our samples. This is attribute to impurities content in the steel waste product effect on the magnetic properties of our samples [18] . The BaM samples also show the variation value of saturation magnetization M s from 43 emu/g to a maximum value of 55 emu/g. The pure BaM samples show an increase in saturation magnetization M s with the increase the Co doping concentration. The value of M s enhanced from 43 emu/g, 49 emu/g and 55 emu/ g for samples 0 %, 3 % and 5 %, respectively. The M s value reduce to 52 emu/g and 45 emu/g for samples 10 % and 20 %, respectively. The reducing of M s with increase the Co doping concentration has been reported and agreed with work done by Mallick et al. [19] and Li et. al [20] . However, Mallick et. al [19] also reported the increase of Co doping, enhanced greatly the remanence value from 11.5 emu/g (pure BaM) to 28.3 emu/g (20 % Co) with measuring magnetic data at 10 K. The results of the remanence profile in this work are disagreed with Mallick et.al [19] , for consideration of the magnetic measurement that has been conducted at room temperature, not varied in temperature as reported by Mallick et al.. The magnetic coercivity, remanence and saturation magnetization versus Co doping concentration are shown in Figure 3 . The density of the Co substituted BaM with varied doping concentration are also observed and shown in Figure 3 . The density of the samples is decreasing with increasing Co doping. The density for pure BaM is observed at 4.22 g/cm 3 and decreasing to 3.71 g/cm 3 , 3.66 g/cm 3 , 3.23 g/cm 3 and 2.91 g/cm 3 for sample doping 3%, 5 %, 10 % and 20 % Co doping, respectively. Li et. al. [20] reported hexagonal phase of BaM is changed with the Co doping element substituted into the structure related to the occupation of the crystallographic sites of the crystal lattice. Therefore the values of lattice parameters and unit cell volumes keep decreasing with the increase of the Co content (x), corresponding to the change the density value [20] . 
Conclusion
The barium hexaferrite BaFe 12 O 19 derived from steel waste product is successfully obtained. The synthesis and purification process from the mill scales produce high purity BaM. The study on the magnetic properties of Co 2+/3+ doped BaM with microstructure have been presented. The addition of Co 2+/3+ ions to the BaM shows a variation in the magnetic properties of remanence M r , coercivity H c and saturation magnetization M s are discussed. With increasing the Co doping, the remanence M r was reduced from 17.56 emu/g to 6.23 emu/g. The coercivity H c also decreases from 1079 Oe to 102 Oe for 3 % to 10 % Co doping. The saturation magnetization M s is increases to maximum value 55 emu/g. The M r , M s and H c of undoped BaM is obtain at 14.6 emu/g, 43 emu/g and 860 Oe, respectively. The grain size of BaM also increases with Co doping. The density for un-doped BaM is 4.22 g/cm 3 is reduced to 2.91 g/cm 3 for 20 % Co doped. The characteristics of the steel waste product are its low cost, availability and thus give high potential for large production volumes, recycling, and tendency in the production of ferrites market in the future. 
